A huge number of available Life Cycle Assessment (LCA) studies have shown that data availability for paper products is enormous regionally. In Malaysia, LCA practices are considered uncommon attributed to the lack of data availability and LCA practitioner itself. Therefore, a cradle-to-cradle study has been carried out to determine the potential impacts arise from the recycled paper production in Malaysia. LCA methodology used in this study including goal and scope definition, inventory analysis (LCI), impact assessment (LCIA) and interpretation is based on ISO 14040 and ISO 14044 framework. A series of input-output data collection has been carried out and the collected data was calculated by using Simapro software followed by data evaluation using Eco-indicator 99 method. The results showed that the most significant impacts generated throughout the system were fossil fuel and resources at the midpoint and endpoint level respectively. This can be attributed to a high consumption of chemicals and energy in the pulp and paper manufacturing process. As a consequence, a comprehensive practice in mill specifically on chemicals and resources include water and energy consumption, as well as the waste management and recycling system needs to be addressed explicitly to mitigate the relevant impacts.
Introduction
Paper has been known as one of the most common things in everyone's daily life. According to [1] , there was a research reported that Malaysian consume about 380,000 tonnes of printing and writing paper annually. As in 2010, the amount of paper consumption was recorded approximately 1,200,000 tonnes, an increased of 820,000 tonnes. With a rapid growth of paper consumption, it is predicted that the amount of consumption will reach about 500 million tonnes by the year of 2020 in Malaysia. This can be attributed to the increase of human population, living standard and rapid growth of development in the country. Although an increment of demand on paper could provide a market for paper industry in the country, but what makes it a contradiction is the drawback of operating paper manufacture industries which has a variety of negative effects on the environment. According to [2] , some of the mills in paper industry have caused a great ecological impact to the environment especially to: 1) forest -more forest areas were exploited either it's legally or illegally, both intentions for paper production have threatened the natural habitats, and 2) water quality -the untreated water produced from the mills flows into rivers and pollutes the aquatic ecosystem, as majority of millers did not follow the protocols properly. Additionally, it is reported by [3] that there is over 57,000 tonnes of paper has been dumped into landfills every month which occupied 456,000 m 3 of spaces in Malaysia. This condition leads to a huge amount of greenhouse gas (GHG) and wastes to be generated from the mills which can gradually resulted in climate change. Therefore, a study on LCA of recycled paper in the country is necessary in order to provide a better understanding on recycled paper production. By using LCA approach, the sources and wastes, and potential environmental impacts involved in the life cycle of recycled paper production can be identified [4] . With this study, a more environmental friendly and greener process of recycled paper production could be achieved as the identified impacts are being avoided. In this study, types of inventory data and potential impact calculation of recycled paper production were determined.
Methodology
This LCA study was conducted based on the guidelines from ISO 14040 and ISO 14044 [5, 6, 7] including goal and scope definition, inventory analysis (LCI), impact assessment (LCIA) and interpretation. The goal of this study was to understand the detail process of recycled paper production in Malaysia in order to identify potential environmental impacts based on life cycle approach. The functional unit (FU) of this study was 1 metric tonne per year of recycled paper of the mill. This was a cradle-to-cradle study and the main focus only been given on the processes at the end-of-life phase (recycling phase) of the paper's life cycle as shown in Fig. 1 .
Fig. 1, System boundary of the study
During the LCI analysis phase, the input-output data ( Table 1 ) on material and energy inputs, waterborne emission and solid wastes involved in the life cycle of recycled paper production was collected. This study considered the recycled paper processes on an annual basis in Pahang, Malaysia. In this study, the required data excluded the process at the raw water treatment plant (RWTP) of the mill due to the cut-off rule for recycled paper production was basically collected from secondary data sources: Simapro and Ecoinvent database. Other necessary data used in this study were obtained from the mill's representatives by interviewing. The collected data was then being calculated using Simapro software to identify which of the effluents within the system can cause either a less or serious impact to environment. Data completeness and representativeness were tested through a sensitivity analysis. Impacts caused by the utility of resources and the waste emissions from the production processes are required to evaluate the environmental impact. In this study, Simapro and Eco-Indicator 99 method were used to perform the evaluation. There were eleven categories of environmental impacts of interest in this study: acidification/eutrophication, carcinogens, climate change, ecotoxicity, fossil fuels, land use, minerals, ozone layer, radiation, respiratory inorganic and respiratory organic.
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In the interpretation phase, accuracy, completeness and precision of applied data and the assumption of results from the other phases in LCA study were analysed. The significant issues in this study were addressed and evaluated in term of their sensitivity, accuracy and completeness. A sensitivity analysis was carried out to evaluate the LCI and LCIA results. The results from those evaluations were then used to formulate any appropriate conclusion or recommendations.
Results and Discussion
(i) Environmental impact generated from recycled paper production
The LCIA results for both characterisation and normalisation at midpoint and endpoint level using Eco-Indicator 99 method were summarized in Fig. 2 and Fig. 3 respectively. Based on the graphs obtained, the most significant potential impact at the midpoint level was fossil fuel followed by respiratory inorganic which can attribute to: 1) a high consumption of chemicals such as retention aids, sludge polymer, sodium hydrosulfite and fatty acids, 2) a greater fraction of fossil fuel consumed in the pulping section and machinery operation, and 3) a certain amount of fossil fuel used in transportation in which the waste papers were being transported to mill. Meanwhile, resources showed the highest potential impact at the endpoint level. This is because the more requirements on fossil fuel consumption will definitely leads to a rapid depletion of resources. From this point of view, it can be concluded that fossil fuel and resources were the greatest impact in recycled paper production system where a similar result obtained from a LCA study of printing and writing papers also showed that fossil fuel was the significant impact in the pulp and paper manufacturing process [8] which the pulp and paper industry is considered as the world's fifth greatest industrial energy's consumer [9] . Fig. 2 , Eleven types of impact categories in the Fig. 3 , Damage assessment at endpoint level product system of the recycled paper process at midpoint level
Summary
Fossil fuel was found to be the most concern impact at midpoint level whereas resources were found to be the highest damaged category at endpoint level in recycled paper production using Eco-Indicator 99 method. A massive amount of chemicals and energy consumption in the system with an improper practice were considered as the main contributors to fossil fuel depletion and caused damage to the resources followed by human health and ecosystem quality. Therefore, a more comprehensive practice in term of justification in chemicals and energy consumption, including maximization usage of generated wastes such as solid waste and sludge is necessary at the mill practice. It is also recommended to develop a study that involves the whole life cycle of recycled paper in the coming future to give a detailed image of potential impacts that could be generated by the system and develop alternatives to address such impacts as this study only covered the processes involved in the recycled paper production at the mill stage.
